Within an extended Su-Schrieffer-Heeger model including interchain interactions and the extended Hubbard model, the dynamical relaxation of photoexcitations in two coupled conjugated polymer chains is investigated by using a nonadiabatic evolution method. Initially, one of the two chains is photoexcited and the other chain is in the dimerized ground state. Due to the interchain interactions, the electron and/or the hole can be transferred from one chain to the other chain. For weak interchain coupling, the dynamical evolution of the lattice on the photoexcited chain is similar to that found in an isolate single chain case. With interchain interactions increasing, the amplitude of the distortions on the photoexcited chain decreases, and simultaneously, that on the other chain gradually increases. Until stronger interchain coupling, the deformations of the two chains have almost the same amplitude. Besides intrachain polaron-excitons and intrachain oppositely charged polaron pairs as found in single chain case, interchain polaron-excitons and interchain separated charged polaron pairs are obtained. The results show that the yield of interchain products increases and that of intrachain products decreases with interchain coupling increasing. Totally, the yield of charged polarons ͑including intrachain oppositely charged polaron pairs and interchain oppositely charged polaron pairs͒ is about 25%, in good agreement with results from experiments.
I. INTRODUCTION
In recent years, polymer semiconductors have attracted considerable interest as the active constituents in a wide range of optoelectronic devices. Much progress has been made toward understanding the properties of nonlinear elementary excitations in conjugated polymers, such as soliton, polaron, and neutral polaron-exciton, which play an important role in optoelectronic devices based on conjugated polymers. 1 However, some basic physical questions, e.g., the mechanism for photogeneration of charge carriers, remain controversial. While many works suggested that the charge carriers are generated as a result of the field-induced dissociation of excitons which are firstly formed by photoexcitations, [2] [3] [4] [5] [6] recently, it is indicated both experimentally and theoretically that the photogenerated charged polaron and the neutral excitons are generated directly at the same time by photoexcitations. [7] [8] [9] [10] [11] In a previous work, we have simulated the dynamical relaxation of various photoexcited states to address the generation mechanism of charged polarons in conjugated polymers by using a nonadiabatic evolution method. 11 Besides the neutral polaron-exciton in which an electron and a hole are bound together by a lattice deformation, we identified a novel product of rapid ͑few hundred femtoseconds͒ lattice dynamic relaxation, namely, a mixed state composed of both polaron-excitons and oppositely charged polaron pairs. 11 The results show that the charged polarons are generated directly with a yield of about 25%, in good agreement with results from experiments. [7] [8] [9] [10] It should be stressed that the dynamical processes are necessarily important to understand the formation species of photoexcited states. However, only a single isolated chain is considered in this work. The effects of interchain interactions on the dynamics of photoexcited states are not considered yet, which may be of fundamental importance to the properties and performance of real polymer materials. 2, [12] [13] [14] Indeed, the effects of interchain interactions on the elementary excitations in polymers have been widely investigated in order to describe its bulk properties. [15] [16] [17] [18] [19] [20] [21] [22] It is found that even small interchain coupling can have a significant effect. 15, 16 Interchain interactions will induce the delocalization of the intrachain excitations onto adjacent chains. 17 An important process that deceases the efficiency of photoluminescence in conjugated polymers maybe result from the dissociation of the singlet excitons produced by photoexcitation into interchain polaron pairs. 18 On the other hand, the interchain photogeneration of electron-hole pair appears to be crucial for photoconductivity 19, 20 and photoinduced optical absorption, 18, 21, 22 since carriers generated on different chains have a reduced chance of recombination compared to those generated on the same chain. They found that both excitons and polarons are instantaneously photogenerated and depends critically on the interchain coupling strength. 23 The target of this work is to investigate the effects of interchain coupling on the dynamical relaxations of photoexcitated states and to identify the formation species and their yields induced by photoexcitation in two coupled conjugated polymer chains. We show that the primary excitations in the weak coupling regime are intrachain excitations, which are similar to that in the isolate single chain case. However, the contribution of interchain excitations becomes larger and larger with increasing interchain interactions. In fact, intrachain photoexcitations, due to interchain coupling, will evolve to interchain polaron-excitons and interchain oppositely charged polaron pairs. The interchain polaron-exciton is an electron-hole pair bounded by interchain interactions, which shares a bond configuration including two local lattice deformations located at the same position of the two chains; and the interchain oppositely charged polaron pair, such as charged polaron pair on a single chain, is two completely separated polaron deformations located on the two chains.
This paper is organized as follows. An outline of the model and the method used in calculations is given in Sec. II. In Sec. III, the dynamical processes of various excitations are discussed. A summary is given in the last section.
II. MODEL AND NUMERICAL METHOD
A prominent feature of conducting polymeric molecules is that their electronic energy spectra and bond configurations depend strongly on the excitations, i.e., the fundamental electronic excitations in conjugated polymers are always associated with lattice deformation. The reason is that the polymer chain is a quasi-one-dimension system, whose bond structure is easily distorted due to the strong electron-lattice interactions. The Su-Schrieffer-Heeger ͑SSH͒ model and its extended versions have achieved considerable success in describing the electronic structure and bond distortion of polymers. 24 We start our discussions from a model Hamiltonian for two conjugated polymer chains,
where the first term is the SSH model 24 with a BrazoskiiKirova-type symmetry-breaking term, 25 which describes the intrachain electron-lattice interactions in each chain, including the effect of the intrachain electron-electron ͑e-e͒ interaction, 26 H intra = H 0 + H e-e , ͑2͒
where j =1,2 is the chain index, and t n = t 0 − ␣͑u j,n+1 − u j,n ͒ + ͑−1͒ n t e with t 0 being the transfer integral of -electrons in a regular lattice, ␣ is the electron-lattice coupling constant, and u j,n is the lattice displacement of the nth site along the jth chain from its equidistant position. The quantity t e is introduced to lift the ground-state degeneracy for nondegenerate polymers. The operator c j,n,s † ͑c j,n,s ͒ creates ͑annihilates͒ a -electron at the nth site with spin s along the jth chain; K is the elastic constant due to the bonds, and M is the mass of a CH group. U is the on-site Coulomb interactions and V the nearest-neighbor interactions on each chain. Although the parameters used here are taken to be those for polyacetylene, 27 i.e., t 0 = 2.5 eV, ␣ = 4.1 eV/ Å, t e = 0.05 eV, K =21 eV/ Å 2 , and M = 1349.14 eV fs 2 / Å 2 , the results are expected to be qualitatively valid for other conjugated polymers with nondegenerate ground states.
The second term in Eq. ͑1͒ describes the interchain interactions 12, 28, 29 and consists of two parts as follows:
where t Ќ stands for the transfer integral between sites labeled by the same index n on the two chains and V Ќ is the e-e interaction term. The values of U, V, and V Ќ are, respectively, 2.0, 1.0, and 0.1 eV. The bond configuration and electronic structure of each of the two uncoupled and dimerized polymer chains, which will be taken as the initial condition of the following dynamic simulations, can be obtained by minimizing the total static energy. Once the initial lattice configuration ͕u j,n ͖ and the electron distribution ͕ ͑j , n͖͒ are determined, we turn on the interchain interactions; the temporal evolution of the lattice configuration is determined by the equation of motion for the atom displacements,
where the density matrix is defined as
The quantity f k,s is the time-independent distribution function and is determined by the initial electron occupation; the electronic wave functions ⌽ j,n,k s ͑t͒ are solutions of the timedependent Schrödinger equation,
The coupled differential equations ͓Eqs. ͑8͒ and ͑10͔͒ can be solved with a Runge-Kutta method of order eight with step-size control, 30 which has been proven to be an effective approach in investigating polaron dynamics 31 and photoexcitation dynamics 11 in conjugated polymers. In our calculation, in order to keep the total chain length unchanged, we use finite chains with fixed ends; the results are the same as that of chains with open ends.
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III. RESULTS AND DISCUSSIONS
In our numerical calculations, two parallel polymer chains opposite each other are considered: the CH-units are labeled as 1-120 on chain 1 and 121-240 on chain 2. Without the interchain interactions, the two chains are both dimerized ground state at the half-filling case. Then, one of the polymer chains is excited by absorbing a photon with the lattice structure unchanged, i.e., an electron originally occupying the energy level m v is excited to the level n c ͑ m v is denoted to the mth energy level in valence band counted from the top and n c is denoted to the nth energy level in conduction band from the bottom, m , n =1,2,3,...͒. Starting from the initial conditions, we simulate the dynamical relaxation of these photoexcited states with the interchain interactions turning on. When the interchain coupling is considered, the electron and/or hole will transfer between the two chains. The temporal evolution of both the lattice and the electronic states are obtained by solving the coupled equations ͓Eq. ͑6͒ and ͑8͔͒. Our work is focused on the formation species of the photoexcited state at last.
Firstly, we investigate the case that chain 1 is excited from 1 v to 1 c , while chain 2 is kept in the ground state. As an example, the temporal evolution of the staggered bond order parameters ␦ n ϵ͑−1͒ n ͑u n−1 + u n+1 −2u n ͒ / 4 of the two parallel chains is shown in Fig. 1 , for t Ќ = 0.3 eV; one can find that the lattice relaxes rapidly to form one local deformation on each chain due to the interchain coupling. At last, a stronger lattice distortion is formed on chain 1 and a weaker one on chain 2. Naturally, the last products should depend on the strength of interchain interactions. We also calculate the dynamical processes of this photoexcited state for different interchain coupling ͑t Ќ from 0.01 to 0.5 eV͒; the role of t Ќ in photoexcitation dynamics is demonstrated in Fig. 2 , where the stationary lattice configurations are plotted. It is seen that for t Ќ = 0.05 eV there is only one local deformation in chain 1 which is a neutral exciton, while chain 2 is purely dimerized. The result is approximately the same as the dynamical evolution of the photoexcited state ͑ 1 v to 1 c ͒ in an isolated single polymer chain. 11 However, with increasing the interchain coupling strength, the amplitude of the distortion on chain 1 decreases, and that on chain 2 increases, e.g., for t Ќ = 0.2 eV, the dip of the displacement decreases by ϳ15% on chain 1, and there appears a small distortion on chain 2. When t Ќ ജ 0.4 eV, the lattice deformations on the two chains become to have nearly the same amplitude, that is, to say, complete delocalization of the excitation has taken place. The wave functions of one gap-state are displayed in Fig. 3 for different interchain interactions. One can find that the gap-state becomes more spatially extended along the chain as delocalization increases. It is obvious that interchain coupling allows the possibility that excitations will spread over two chains rather than be localized on one chain.
We have followed these cases for a few picoseconds, and found that such a state is dynamically stable. Since the two deformations weak coupling each other by the interchain interactions, we can obtain approximately their eigenstates 1 ͑for chain 1͒ and 2 ͑for chain 2͒, separately. Then, we project the evolutional wave functions ⌽ j,n,k s ͑t͒ into these eigenstates to determine their species. We find that such a structure with one local deformation in each chain is a mixture of four possible states, which are shown in Fig. 4 charge distributions, are shown͒. Figures 4͑a͒ and 4͑b͒ correspond to the intrachain exciton which is a bounded electron-hole pair localized in a polymer chain, i.e., there is an intrachain exciton in one chain and the other chain is the dimerized ground state. Figures 4͑c͒ and 4͑d͒ represent the interchain excitons, which are a bounded electron-hole pair in the two polymer chains, i.e., an electron-polaron in one chain is bounded with a hole-polaron in the other chain by the interchain interactions. It is obvious that the interchain exciton is weakly bound electron-hole pair comparing with the intrachain exciton. The formation of the interchain exciton is easily understood as that an electron and a hole are created in a single chain when a photon of sufficient energy is absorbed; they may form an exciton, alternatively the hole may be filled with an electron from a neighboring chain, creating a electron polaron on the acceptor chain and a hole polaron on the donor chain. 33 At the very weak interchain coupling case, for example, t Ќ = 0.05 eV, the probability of an intrachain exciton on chain 1 and dimerization on chain 2 ͓Fig. 4͑a͔͒ is found to be about 100%, just the same as that in an isolated single chain case. This result is obvious because the second chain can be ignored for the weak interchain interactions. With the interchain coupling strength increasing, the probability of the state shown in Fig. 4͑a͒ decreases, at the same time the probability of the other three possible states ͓Figs. 4͑b͒-4͑d͔͒ increases. As an example, the yields of all the four possible states are given for t Ќ = 0.2 eV: The probability of an intrachain exciton on chain 1 ͓Fig. 4͑a͔͒ is about 80%, that of an intrachain exciton on chain 2 ͓Fig. 4͑b͔͒ is about 2%, and that of two interchain excitons ͓Figs. 4͑c͒ and 4͑d͔͒ is about 18%. While for t Ќ = 0.3 eV, the probability of an intrachain exciton on chain 1 is about 63%, that of an intrachain exciton on chain 2 is about 4%, and that of two interchain excitons is about 33%. At the stronger interchain coupling case, e.g., t Ќ = 0.4 eV, the electron and the hole become to be completely delocalized between the two chains, therefore, the probabilities of all the four possible states tend to be identical, i.e., about 25% for each states. Totally, the yield of intrachain exciton is 50%, and the yield of interchain exciton is 50%. It should be noted that the yields of both the intrachain exciton and the interchain exciton are periodically oscillating with time ͑conversion between the intrachain exciton and the interchain exciton͒, which results from that the charge ͑the electron and the hole͒ continually transfers between the two chains. Furthermore, the periodicity of the oscillation depends on the interchain interactions, i.e., the frequency increases with increasing the interchain coupling strength.
Secondly, we investigate the case that chain 1 is excited from 2 v to 2 c , while chain 2 is kept in the ground state. As an example, the temporal evolution of the staggered bond order parameters ␦ n of the two parallel chains is shown in Fig. 5 , for t Ќ = 0.1 eV. In contrast to the above case ͑ 1 v → 1 c ͒, the lattice relaxes rapidly to form two local deformations on each chain due to the interchain interactions. At last, two deeper localized lattice distortions are formed on chain 1 and two weaker distortions on chain 2. In order to observe the dependence of the interchain coupling strength, the stationary lattice configurations and the wave functions of one gapstate for different interchain coupling strengthes are shown in Fig. 6 . At the weak coupling case, the dynamical process of this photoexcitated state is nearly the same as that found in an isolated single chain case, 11 i.e., there are two separated local deformations on the photoexcited chain while the other chain almost keeps in the dimerized ground state. With the interchain coupling strength increasing, the amplitudes of distortions on chain 1 decrease and those on chain 2 increase. At the stronger coupling case ͑t Ќ ജ 0.25 eV͒, the excitation becomes to be completely delocalized between the two chains, then the lattice distortions on the two chains tend to be identical. The delocalization of the excitation can also be found in the wavefunctions of the gap-states. In order to determine the products included in the last state, we project the evolutional wave functions into their eigenstates. Sixteen possible states are found in the state with such a lattice configuration including two separated local deformations on each chain. For a simple depiction, we distinguish these states into four species: ͑1͒ intrachain exciton, which is an electron-hole pair localized in one of the four lattice deformations, ͑2͒ intrachain oppositely charged polaron pair, which indicates that there are an electron polaron and a hole polaron in one chain while the other chain lies in the ground state, ͑3͒ interchain exciton, which denotes that an͑a͒ electron͑hole͒ polaron on one chain is bounded with a͑an͒ hole͑electron͒ polaron at the opposite position on the other chain by the interchain interactions, and ͑4͒ interchain oppositely charged polaron pair unlike the interchain exciton which denotes that an͑a͒ electron͑hole͒ polaron on one chain is completely separated from an͑a͒ hole͑electron͒ polaron on the other chain. The intrachain and interchain excitons are the same as that found in the photoexcited state ͑ 1 v → 1 c ͒. Then, the yield of all these possible states are calculated for different interchain coupling strengths. The results show that only intrachain exciton and the intrachain charged polaron pair are found at the very weak coupling case͑e.g., t Ќ = 0.01 eV͒, similar as that in the isolated single chain case, each state possesses 50% possibility. With increasing the interchain coupling strength, the yields of both the intrachain exciton and the intrachain charged polaron pair decrease, simultaneously, the yields of the interchain exciton and the interchain charged polaron pair increase. As an example, the yields of all the four species are given for t Ќ = 0.1 eV: The probabilities of the intrachain exciton and the intrachain oppositely charged polaron pair are about 40%, and those of the interchain exciton and the interchain oppositely charged polaron pair are about 10%; while for t Ќ = 0.2 eV, the probabilities of the intrachain exciton and the intrachain oppositely charged polaron pair are about 32%, and those of the interchain exciton and the interchain oppositely charged polaron pair are about 18%. At the stronger coupling limit ͑t Ќ ജ 0.25 eV͒, where the charge ͑electron and hole͒ is completely delocalized between the two chains, the yields of all four formation species tend to be identical. Namely, the yield of the intrachain exciton, the interchain exciton, the intrachain polaron pair, and the interchain polaron pair is about 25% in such a state with lattice structure including two separated localized deformations on each chain. Therefore, the yield of charged species ͑including the intrachain charged polaron pair and the interchain charged polaron pair͒ is about 50%.
With regards to the dynamical relaxations of higher lying photoexcited states, the lattice undergoes different transient distortions for different excited states in the early stages after photoexcitation, but only two kinds of stationary states are ultimately formed on the two coupled polymer chains. The first one is the lattice configuration with one localized deformation on each chain, for the photoexcited states i v → i c ͑i =1,3,5, ...͒ of one polymer chain, which is the mixed state of the intrachain exciton and the interchain exciton, as discussed in the case of 1 v → 1 c . The second one is the lattice configuration including two localized defects on each chain, for the photoexcited states i v → i c ͑i =2,4,6, ...͒ of one polymer chain, which is the mixed state of the intrachain exciton, the interchain exciton, the intrachain polaron pair, and the interchain polaron pair. As an example, the temporal evolutions of the staggered bond order parameters ␦ n of the two coupled chains are shown in Fig. 7 , for t Ќ = 0.25 eV. It should be stressed that the localization degree of the lattice distortions on the two polymer chains is different for different coupling strengths.
For a given excitation with photon energy above the electronic − * gap, the transitions i v → i c ͑i odd͒ and i v → i c ͑i even͒ have almost same probability, because they have comparable transition dipole moments at a certain transition energy, as discussed in Ref. 11 . Therefore, the mixed state of the intrachain exciton and the interchain exciton corresponding to the lattice structure with one localized deformation on each chain should have similar formation probability as the mixed state of the intrachain exciton, the interchain exciton, the intrachain polaron pair, and the interchain polaron pair corresponding to the lattice structure with two separated localized deformations on each chain. Thus, both the charged polarons and the neutral excitons are instantaneously generated by photoexcitations. However, the branching ratio of the photogenerated species should critically depend on the interchain coupling strength based on the previous analysis. At the weak interchain coupling limit, the delocalization of charges between the two chains can be ignored; the excitation is mainly localized on one polymer chain, therefore, the result is necessarily the same as that found in the isolated single chain. 11 Totally, the quantum yield of the intrachain charged polarons is about 25%, the intrachain exciton is about 75%, and less interchain species ͑the interchain charged polaron pair and the interchain exciton͒ are found. With increasing the interchain coupling strength, the rates of both the interchain charged polaron pair and the interchain exciton tend to increase due to the interchain interactions, and at the same time, the rates of the 
intrachain species decrease. Figure 8 shows the yield of photoexcitation products with different interchain interactions. At the strong interchain coupling limit, the charge ͑the electron and the hole͒ is whole delocalized between the two polymer chains; probabilities of the interchain species are comparable with that of the intrachain species. Totally, the yield of charged polarons ͑including the intrachain oppositely charged polaron pair and the interchain oppositely charged polaron pair͒ is about 25%, the yield of the intrachain exciton is about 37.5%, and the yield of the interchain exciton is about 37.5%. Finally, we would like to compare our calculational results with the previous simulations on the photoexcited states of an isolated single polymer chain and some experimental findings. First of all, our results indicate that both the charged polarons and the neutral excitons are instantaneously generated by photoexcitations with a branching ratio of about 1:3, which is independent of the excitation energies, in good agreement with the theoretical and experimental results. [7] [8] [9] [10] [11] The yield of photogenerated charge carriers ͑both intrachain separated polaron pair and the interchain sepaprated polaron pair͒ is about 25%, which is consistent with the results in a single chain case though the interchain interactions are consisdered. However, besides the intrachain exciton as found in the isolated single chain case, the interchain exciton is observed due to the charge delocalization between the coupled polymer chains. It should be stressed that the light emission mainly results from the radiative decay of intrachain exciton because the transition dipole moment of the intrachain exciton is much greater than that of the interchain exciton, therefore the quantum efficiency is decreased by the interchain interactions due to the formation of the interchain exciton. Our calculated results show that with the interchain coupling strength increasing, the yield of the interchain exciton increases and that of the intrachain exciton decreases, thus the photoluminescence quantum efficiency decreases, in good agreement with the experimental observations by measuring the femtosecond transient photomodulation spectroscopy in various pristine PPV derivative films and solutions. 23 At the same experiment, the branching ratio between photogenerated charged polarons and neutral excitons was estimated through comparing the photoinduced absorption ͑PA͒ intensity corresponding to the charged polaron and that of the neutral exciton, and it was shown that increases with the interchain coupling strength increases.
Differently, our results indicate that the branching ratio between the charged polarons ͑including both the intrachain separated polaron pair and the interchain separated polaron pair͒ and the neutral excitons ͑including both the intrachain exciton and the interchain exciton͒ is approximately independent of the interchain coupling strength. However, it should be noted that the branching ratio between the charged polarons ͑including both the intrachain separated polaron pair and the interchain separated polaron pair͒ and the intrachain excitons is increasing with increasing the interchain coupling strength, because the yield of the intrachain excitons decreases but the yield of the charged polarons does not varied.
In fact, the branching ratio measured in the experiment is just the ratio between the charged polarons and the intrachain excitons, because the photoinduced absorption PA 1 measured in the experiment results from the intrachain exciton, not from the interchain exciton. 18, 34, 35 Therefore, our calculational result is indeed consistent with that found in the experiment. 23 Additionally, it was found theoretically and experimentally that the lifetime of charge carriers depends on the conjugated length of polymers, i.e., its lifetime is longer in the longer conjugated polymers. 7, 11 The polymer conjugated length must play an important role in understanding the photogeneration of charge carriers. Thus, the effects of the conjugated length of polymer chains on the dynamical relaxations of various photoexcited states have also been investigated. Our results show that the lattice configuration with one localized defect on each chain, which is a mixed state composed of both the intrachain exciton and the interchain exciton, can always exist, independent of chain length. However, for the lattice configuration with two separated local defects on each chain, i.e., the mixed state of the intrachain exciton, the intrachain charged polaron pair, the interchain exciton, and the interchain charged polaron pair, its behavior in the short chain cases is different from that in long chain cases. The two deformations on each chain can be generated initially, but they will combine to form one lattice deformation after a time period which depends on the chain length. This arises from which the two lattice deformations cannot be separated far enough due to the confinement of chain ends in short chain case, thus their wave functions are overlapping. For example, Fig. 9 shows the lattice evolutions of each polymer chains including 60 sites ͑a͒ and 80 sites ͑b͒ for t Ќ = 0.25 eV, respectively; photoexciton is the same as the case of Fig. 7͑b͒ . We can find that it takes ϳ680 fs for two 80-site chains and ϳ400 fs for two 60-site chains to merge the two separated deformations into one. This indi- cates that the charged polaron pair has a longer lifetime for longer conjugated polymers, which is consistent with the experimental result. 7 Furthermore, we also compare the time of two deformations combining to one in the two coupled chain case with that in an isolated single chain case for different chain lengths and different interchain coupling strength ͑see Fig. 10͒ . One can find that it takes longer time to merge the two separated deformations into one in the two coupled chains than that in the single chain case, and that it takes longer time when the interchain interaction is stronger. This indicates that the lifetime of photogenerated charge carriers increases with the interchain coupling strength increasing.
IV. SUMMARY
In conclusion, we have simulated the dynamical relaxations of various photoexcited states in two coupled conjugated polymer chains in order to study the effects of the interchain interactions, by using a nonadiabatic evolution method. We have identified two kinds of stable states, though they undergo different transient distortions for different energy excited states. One of them is a mixed state of the intrachain exciton and the interchain exciton, corresponding to the lattice configuration with one localized lattice defect on each chain, and the other is a mixed state of the intrachain exciton, the intrachain charged polaron pair, the interchain exciton, and the interchain charged polaron pair, corresponding to the lattice configuration with two separated localized defects on each chain. Our results indicate that both the charged polarons and the neutral excitons are instantaneously generated by photoexcitations with a branching ratio of about 1:3; moreover, it is independent of the excitation energies. In comparison with the results obtained in the isolated single polymer chain case, the interchain exciton and the interchain seperated charged polaron pair are identified, besides the intrachain exciton and the intrachain oppositely charged polaron pair, due to the charge delocalization between the two polymer chains. Furthermore, the photoluminescence quantum efficiency decreases, and the branching ratio between the charged polarons and the intrachain excitons is increasing with the interchain coupling strength increasing, in good agreement with the experimental observations. Our results also indicate that the lifetime of photogenerated charge carriers increases with the interchain coupling strength increasing.
